A B S T R A C T We have studied insulin binding to circulating lymphocytes isolated from 20 untreated adult, nonobese, nonketotic, diabetic subjects with fasting hyperglycemia, 20 normal subjects, and four patients with fasting hyperglycemia secondary to chronic pancreatitis. The results of these studies show that lymphocytes from diabetic patients have decreased ability to specificity bind insulin when compared to lymphocytes from normal subjects. For example, when lymphocytes from diabetic patients and a trace amount of [I]insulin (3.3 X 10" M) were incubated, binding was less than 50% of the value obtained with lymphocytes from normal subjects (2±0.2% vs. 4.2±0.4%).
INTRODUCTION
Previous studies have indicated that there is an attenuated fall in plasma glucose level when nonobese, nonketotic, adult diabetic patients with fasting hyperglycemia are given an intravenous injection of insulin (1) . This suggests that these patients are resistant to the action of insulin. Since it has been shown that the initial step of insulin's action is binding to specific protein receptors located on the cell plasma membrane (2) , it is possible that this decrease in insulin action might be due to decreased insulin binding. In this regard, insulin binding to receptors has been studied in man, and recent reports have indicated a defect in insulin binding to isolated circulating lymphocytes from obese insulin resistant subjects (3, 4) . Consequently, in an attempt to see if decreased insulin binding is associated with the insulin resistance of diabetic patients we have studied insulin binding to lymphocytes from 20 normal adults, 20 nonobese, nonketotic, adult, diabetic subjects with fasting hyperglycemia, and four patients with hyperglycemia secondary to chronic pancreatitis. Calculations. The mean number of receptor sites per cell was derived by submitting the data from the competitive inhibition studies to Scatchard analysis (14) . By using bound radioactivity as a measure of the concentration of bound insulin (B), and the total insulin concentration minus B as the free insulin concentration (F), a plot of B/F to B (Scatchard plot any insulin concentration. This is done by converting the amount of insulin bound to molecules bound, and dividing by the cell concentration. Fig. 2 compares the maximal number of insulin molecules bound per cell, and the number of molecules bound at a physiologic insulin concentration (50 /uU/ml), to lymphocytes from normal and diabetic subjects. At 50 /AU/ml (2A) lymphocytes from diabetic subjects bind about 50% as many insulin molecules per cell as do lymphocytes from normal subjects. Furthermore, since maximal binding occurs when all available insulin receptors are filled, the maximal number of insulin molecules bound per cell is equal to the number of receptors per cell. Therefore, since Fig. 2B demonstrates that lymphocytes from diabetic subjects can maximally bind only about 55% as many insulin molecules as lymphocytes from normals, one can conclude that lymphocytes from diabetics have 55% as many available insulin receptor sites per cell as do lymphocytes from normal subjects.
The ability of unlabeled insulin to inhibit the binding of ['I]insulin reflects the affinity of the binding reaction. Fig. 3 compares the percent inhibition in each individual study from both groups when 1, 10, 100, and 1,000 ng/ml of unlabeled insulin are added to the incubates. The similarity in the ability of unlabeled insulin to inhibit the [I]insulin binding in both groups suggests that the binding affinity of lymphocytes from normal and diabetic subjects is also similar. Therefore, taken together, the data of Figs. 2 and 3 indicate that the decrease in insulin binding seen to lymphocytes from diabetic subjects is primarily due to a decreased for both groups (paired t test). The data are derived from the inhibition experiments portrayed in Fig. 1 and are corrected for nonspecific binding. number of available insulin receptors rather than to a decrease in the affinity of the receptor for insulin. One could argue that this defect in insulin binding is not primary, but secondary to the hyperglycemic state. To answer this question we studied insulin binding to lymphocytes from four diabetic subjects with chronic pancreatitis. The hyperglycemia in these subjects is presumably secondary to pancreatic destruction. Fig. 4 compares the insulin binding ability of lymphocytes from these patients to that of lymphocytes from the normal subjects, and it is evident that insulin binding to cells from these subjects is normal. Thus, hyperglycemia per se does not appear to account for the decrease in insulin binding to lymphocytes from diabetic subjects as seen in Figs. 1 and 2 .
Decreased Insulin Binding to Lymphocytes from Diabetic Subjects
To examine the possibility that some factor present in the plasma of these diabetic patients was responsible for the decreased insulin binding, we studied the in vitro effect of plasma from diabetic patients on insulin binding. In these studies cells were prepared from a normal subject and divided into three equal portions.
Each portion was incubated for 3 h at 370C, one with plasma from a normal subject, one with plasma from a diabetic, and the other with buffer. After the 3-h incubation period binding studies were performed in the usual manner. The results of these studies (five separate experiments) indicated that, compared to buffer, incubation of cells with plasma from either normal or diabetic subjects did not affect binding.
We have previously suggested that subpopulations of lymphocytes differ in their ability to bind insulin (13) . To test the possibility that lymphocytes isolated from diabetics contain different proportions of thymusderived (T) a versus bone marrow derived (B) cells Abbreviations used in this paper: B, bone marrow-derived; T, thymus-derived. than lymphocytes isolated from normals, the T cell: B cell ratio was measured on cells isolated from each of the study groups. B cells were measured by specific immunofluorescent staining of surface immunoglobulins and T cells were measured by using a specific anti-T cell serum in a complement-dependent cytotoxicity assay by Dr. Arthur Bobrove and Dr. Samuel Strober, according to recently described methods (15) . By this technique the normal percentage of total lymphocytes which are B lymphocytes is 21.0±7 (mean±SE). All of our subjects had normal values, and no difference in B cell: T cell ratios existed among our study groups.
DISCUSSION
These results clearly demonstrate that lymphocytes isolated from adult, nonketotic, nonobese, diabetic patients with fasting hyperglycemia have decreased ability to bind insulin. For example, when lymphocytes and a trace amount of [I] insulin were incubated, cells from diabetic subjects showed a highly significant greater than 50% decrease in insulin binding, and this decrease in binding was about the same at all insulin concentrations. Furthermore, these data also demonstrate that lymphocytes from diabetics bear only 55% as many receptors as do cells from normal subjects (1, 200 sites per cell vs. 2,100 sites per cell). On the other hand, since unlabeled insulin inhibits ["I]insulin binding to the same degree to cells from either normals or diabetics, one can infer that the binding affinity of the lymphocyte insulin receptor is similar for both groups. Thus the decreased insulin binding of lymphocytes obtained from diabetic subjects seems primarily to be due to the absolute decrease in the number of available receptor sites per cell. Furthermore, this defect in insulin binding is not related to differences in subpopulations of lymphocytes since the B cell: T cell ratio was the same in all of our study groups.
Although these studies demonstrate decreased insulin binding to lymphocytes from diabetic patients they do not provide any information as to the relationship between decreased binding and insulin's biologic action. In this regard, however, Archer, Gorden, Gavin, Lesniak, and Roth (4) have recently demonstrated decreased insulin binding to lymphocytes isolated from obese human subjects, whose insulin resistance has been well documented (16) . Furthermore, weight loss, which is known to decrease the degree of insulin resistance in obese individuals (5) servations in mind, the data obtained in these current studies raise the possibility that there might also be an association between decreased insulin binding and decreased biologic action of insulin in these diabetic subj ects.
These experiments were performed on lymphocytes isolated from patients who had been diabetic for varying periods of time, and, thus, it was not possible to determine if the decrease in insulin binding was a primary phenomenon or secondary to the hyperglycemic diabetic state. We attempted to answer this question in two ways. In the first place, we measured insulin binding to lymphocytes isolated from four subjects with chronic pancreatitis. These patients are also chronically hyperglycemic, but their hyperglycemia is thought to be secondary to pancreatic destruction. The data show that insulin binding to their lymphocytes was normal, indicating that chronic hyperglycemia does not result in decreased insulin binding. Secondly, lymphocytes from normal subjects were incubated with plasma from diabetic patients to see if some other factor in plasma was responsible for the decreased insulin binding. Within the experimental context defined, this series of studies indicates that preincubation of lymphocytes with plasma obtained from diabetic subjects does not decrease insulin binding. We believe that the data from these latter two studies suggest that decreased insulin binding to lymphocytes from diabetic patients is a primary phenomenon. On the other hand, the fasting plasma insulin levels of the diabetic subjects were elevated as compared to either the normal or pancreatitic subjects, and Gavin, Roth, Neville, DeMeyts, and Buell (17) have shown that prolonged elevations of in vitro insulin concentrations can lead to decreased numbers of insulin receptor sites on cultured lymphocytes. However, these patients were also certainly hypoinsulinemic in response to a glucose challenge (18, 19) . Thus, it is difficult to know, at this point, what effect the ambient plasma insulin levels of our patients would have on their number of insulin receptor sites. Lastly, in our studies, in vivo binding of insulin to lymphocytes does not affect the subsequent measurement of insulin binding by occupying or "masking" receptor sites. This has been demonstrated by Archer et al. (4) , who found that the addition of large amounts of insulin to whole blood, before isolating lymphocytes, did not affect insulin binding. The apparent explanation for this is that any insulin which might have been bound to the cell in vivo dissociates off the cell and is washed away during the lymphocyte isolation technique.
It must be emphasized that these studies were performed with isolated circulating lymphocytes, and that lymphocytes are certainly not an important target tissue for insulin. Although animal studies have shown that the characteristics of insulin-lymphocyte binding (20) are similar to the characteristics of insulin binding to liver (21) and adipose tissue (22) , the relationship between insulin binding to human lymphocytes and insulin binding to human insulin-responsive tissues remains to be established. Thus, before changes in insulinlymphocyte binding can be accepted as a reflection of changes in insulin binding to human target tissues, comparative studies utilizing receptors isolated from such tissues will be necessary.
